In order to fit the requirement of non-consistent input for seismic analysis of a large span structure with multi-supports, coherency of a synthesized ground motion field is validated in this paper. The result shows that the correlation between motions close to each other on rock site is strong, the mean values of coherencies are from 0.7 to 0.8, and the maximum is up to 1.0. The coherency decreases with the distance between the motion points. Correlation between low frequency motions close to each other on soil site is very strong, the mean of coherencies is larger than 0.8. The correlation of low frequency motions decreases also with the distance. The correlation between high frequency motions (>5Hz) is weak, the coherencies corresponding to various distances are all less than 0.5, and the mean is mostly less than 0.25. The result is consistent with the conclusion from the statistics of the observed data on some dense arrays like SMART-1 during the past earthquakes.
Introduction
Seismic risk of a large span structure is generally evaluated from response analysis, since there are very few experiences of this kind of structure during past earthquakes. Non-consistent input for seismic analysis of a large span structure with multi-supports is emphasized in the last decades, from the spatial variation of ground motions observed at dense arrays (Berrah and Kausel [5] ; Der Kiureghian and Neuenhofer [6] ; Wang and Wang [26] ). The simplest one is travelling wave, the waveforms are same, and the difference is just a time lag between the time histories. In order to describe the complicated nature of ground motion and reduce the risk from the input simplification, many improvements were suggested (Loh [13] ; Harichandran and Vanmarke [7] , Qu et al. [16] ). The authors and their co-workers developed a set of approaches for synthesis for near field ground motion (Tao and Wang [21, 22] ; Wang and Tao [25] ; Zhang et al. [27] ). It emphasized the predominant effect of source on the motion, took the nohomogeneous slip on the source rupture plane into account, the high frequency motion was randomly synthesized, the low frequency motion was calculated by means of a simplified numerical Green Function method, and the two were superposed in time domain after low and high pass filtered. For the validation of the approaches, the synthesized result was compared with some observed data during the past earthquakes. The distribution of peak values, response spectra of motions on the observation sites are quite similar, while the hanging wall effect and rupture directivity effect are described clearly (Liu et al. [12] ; Sun [19] ). This paper is going to validate if the approaches express the spatial structure of the real ground motion field, i.e. the spatial correlation between motions close to each other, in other words, the coherency in frequency domain. Obviously, this is very significant for the non-consistent input.
Synthesis of ground motion field
A hybrid source model is generated for the synthesis (Wang and TAO [23, 25] ), to describe the slip distribution of on the faulting plane of the earthquake with magnitude 6.5, as shown in figure 1. The adopted source model.
High frequency motion at ground surface is synthesized by a random approach (Atkinson and Silva [2] ; Beresnev and Atkinson [3] ). Fourier spectrum of ground motion from one sub-source is described in that approach as following (Boore [4] ; Atkinson and Silva [2] )
where S(M0, f) is source spectrum, G(R) is geometry attenuation term, D(R, f) is energy dissipation term, A(f) is near surface amplification factor, and P(f) if high frequency truncated function. A dynamic corner frequency is adopted in S(M0, f) so that the motion amplitude at near field and the received energy at far-field don't depend on the sub-source size (Motazedian and Atkinson [15] ). The motion at that ground point can be obtained by superposition of motions from all sub-sources with time lags according to the triggering time differences and the differences of distances from the sub-sources to the point, as follows (Tao and Wang [22] ).
N N are the number of the sub-sources along the strike and dip directions respectively, ( ) ij a t is the ground motion from the , i j th sub-source, ij t  is the corresponding time lag.
Low frequency ground motions are calculated by a simplified numerical Green function method where the regional media and 3D velocity structure of the crust in the volume containing the source and its surroundings are taken into account (Zhang et al. [27] ). The whole region under consideration is divided into two parts, a deep homogenous zone with the source in it and a shallow inhomogeneous zone from the ground surface to bottom of the upper crust. The latter is divided further into finite element network. The displacement time history at each node on the bottom of the second part is from analytical solution of the first part. The ground motion at surface are calculated by a space-time decoupling explicit finite element analysis with a second-order local artificial transmitting boundary with displacement field input from the first step.
The wide band ground motion is superposed by corresponding high and low frequency motions in time domain at the every point filtered low and high pass respectively.
The site condition is taken into account by 1D equivalent linearization approach. In frequency domain, the ground motion at surface can be described as the multiple of the input at the bottom of soil layer and the transfer function of the soil layer. 
Coherency coefficients
Coherency function is considered as the best descriptor of the similarity and crossvariation between two ground motions. It is defined as following (Lu [14] 
where * ( ) fluctuation and without a certain trend, and the mean value is from 0.7 to 0.8, maximum is up to 1.0. It means the spatial correlation is strong. Figure 3 shows the coherency coefficients between the points with distance from 200 to 2800 meters at 4 frequencies 1.0, 6.0, 10.0 and 20.0 Hz. One can see from the figure that the coefficient decreases while the distance increases. The statistic result shows that coherencies of the motions at point pairs with distance no larger than 400 meters are almost more than 0.8 and those correlations are small for distance thousand meters. Figure 4 shows two examples of coherencies between motions at points with distance 200m to each other on soil site, for North-South, East-West and UpDown directions respectively, from up to down.
Coherency coefficient from ground motion field on soil site
From the figure one can see that the coherency is quite strong in the range of frequency less than 5 Hz, the coefficient values are more than 0.8 in average. For the range of frequency larger than 5 Hz, coherency decreases quickly, the mean of coefficient is from 0.2 to 0.3. It means the correlation in that rage is weak. figure 7 show the coherency coefficients between the points with distance from 200 to 2800 meters at the 4 frequencies, for North-South, East-West and Up-Down directions respectively, from up to down. One can see from those that the correlation is large for low frequency (1.0Hz and less) motions with distance 400 meters and less, the coefficients are all more than 0.8, and it decreases with frequency quickly. Similarly, it also decreases with distance. Coherency of high frequency motions is weak, the coefficients are all less than 0.5, and the mean values are almost less than 0.25. Variation of the coherency with distance at 4 frequencies on soil site (UD).
Conclusions
Spatial structure of a synthesized ground motion field is validated by means of the coherency coefficients between motion pairs with various distances. The result shows that the correlation between motions with distance 200 meters on rock site is strong, the mean values of coherencies are from 0.7 to 0.8, and the maximum is up to 1.0. There is a trend that coherency decreases with the distance, the coefficient between motions with distance 400 meters and less are almost more than 0.8 and it gets small for thousand meter distance. Correlation between low frequency motions with distance 200 meters on soil site is very strong, the mean of coherencies is larger than 0.8. The correlation of low frequency motions decreases also with the distance. The correlation between high frequency motions (>5Hz) is weak, the coherencies corresponding to various distances are all less than 0.5, and the mean is mostly less than 0.25.
The result of this paper is consistent with the conclusion from the statistics of the observed data on some dense arrays like SMART-1 during the past earthquakes, the spatial correlation of ground motions at two surface points depends on the distance and frequency components of the motions, decreases while distance increases and/or frequency is getting high (Jin and Liao [9] ).
